Purpose We examined associations between experiences of care and adherence to surveillance guidelines among Medicare Fee-For-Service beneficiaries with colorectal cancer (CRC). Methods Using linked data from the National Cancer Institute's Surveillance, Epidemiology, and End results (SEER) cancer registry program and the Medicare Consumer Assessment of Healthcare Providers and Systems (CAHPS Ò ) patient experience surveys (SEER-CAHPS), we identified local/regional CRC survivors diagnosed in 1999-2009 aged 65?, who underwent surgical resection and completed a CAHPS survey \36 months of diagnosis. Adherence for a 3-year observation period was defined as receiving a colonoscopy; C2 carcinoembryonic antigen (CEA) tests; and each year had C2 office visits and C1 computerized tomography test. Results Many of the 314 participants reported ratings of a 9 or 10 out of 10 for overall care (55.4%), personal doctor (58.6%), health plan (59.6%), and specialist doctor (47.0%). Adherence to post-resection surveillance was 76.1% for office visits, 36.9% for CEA testing, 48.1% for colonoscopy, and 10.3% for CT Imaging. Overall, 37.9% of the sample were categorized as non-adherent (adhering to B1 surveillance guideline). In multivariable models, ratings of personal doctor and specialist doctor were positively associated with adherence to office visits, and ratings of personal doctor were associated with adherence overall. Conclusions Findings point to the potentially important role of patient-provider relationships in adherence to office visits for CRC surveillance. As adherence may increase survival among CRC survivors, further investigation is needed to identify specific components of this relationship that impact office visit adherence, and other potentially modifiable drivers of surveillance guidelines.
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Background
Colorectal cancer (CRC) is the third most commonly diagnosed cancer and the second and third leading cause of cancer deaths among both men and women, respectively, in the United States [1] , with an estimated 135,430 new cases expected to be diagnosed in 2016. The median age at diagnosis is 67, and almost 60% of all new CRC cases are diagnosed later than age 65 [2] . National guidelines recommend that first course treatment for individuals diagnosed with American Joint Committee on Cancer (AJCC)-designated stage II and III CRC include surgical resection which may or may not be followed by chemotherapy and/ or radiation therapy [3] . Research suggests a lack of adherence to follow-up procedures per CRC guidelines [4] . Despite definitive treatment, up to 35% of these patients will experience a recurrence of their CRC within 5 years [5] , making the need for continued surveillance essential.
Surveillance guidelines
Active surveillance for CRC patients who have undergone resection is recommended to identify recurrences early, thereby increasing chances of survival. Evidence-based guidelines from both the American Society of Clinical Oncology (ASCO) [6] and the National Comprehensive Cancer Network (NCCN) [3] outline recommended schedules for surveillance of non-metastatic CRC survivors after curative surgical tumor resection, including a clinical exam and carcinoembryonic antigen (CEA) test every 3-6 months for the first 3 years post-surgery, as well as a colonoscopy 1 year after resection. In 2005, ASCO added a computer tomography (CT) scan of the abdomen and chest annually for 3 years to its guidelines to monitor for liver metastases [6] . Although previous studies have found application of both NCCN and ASCO guidelines differ among providers [7] , meta-analyses have demonstrated that adherence to a more intense surveillance regimen including CT imaging is associated with longer survival [8, 9] .
Factors associated with non-adherence to surveillance
Despite recommendations, systematic reviews of factors associated with underuse of guideline-recommended posttreatment surveillance have consistently identified sociodemographic and disease/treatment factors associated with adherence to needed CRC care [4, 10] . Underuse of surveillance care has been shown to be independently associated with being African American, older, having lower income, and being treated in a community setting versus academic center [10] . Studies on adherence to CRC surveillance have primarily focused on patient socio-demographic factors and disease/treatment characteristics [4] . While these findings are useful for identifying high-risk groups where intervention may be warranted to increase adherence, studies are lacking on potentially modifiable patient-, healthcare system-and provider-level factors, such as improving access to care and care coordination between oncology and primary care, both of which could affect patient experiences and receipt of recommended care. The purpose of this study was to assess the relationship between patient-reported experiences of care and adherence to CRC surveillance for recurrence.
Methods

Data source
We used the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) program data linked to the Centers for Medicare and Medicaid Services (CMS) Medicare enrollment data, administrative claims, and the Consumer Assessment of Healthcare Providers and Systems (CAHPS Ò ) patient experience survey [11] . The SEER-CAHPS linked dataset has been described in detail [11] . Briefly, the SEER registry program collects and maintains tumor and patient demographic information about individuals diagnosed with cancer while residing in participating cancer registry areas. The SEER registries included in this study are San Francisco-Oakland, Connecticut, Metropolitan Detroit, Hawaii, Iowa, New Mexico, Seattle (Puget Sound), Utah, Metropolitan Atlanta, San-Jose-Monterey, Los Angeles, Rural Georgia, Greater California, Kentucky, Louisiana, New Jersey, and Greater Georgia. Medicare claims data included claims from physicians (e.g., to assess office visits and CEA testing), and in-patient and out-patient facilities (e.g., to assess for surgical resection, medical diagnosis, colonoscopy, and CT scans). The Medicare CAHPS surveys are national, probability-sample surveys of beneficiary experience. Through these surveys, CMS collects and publicly reports a wide variety of measures of perceived quality and access to care. The Medicare CAHPS (M-CAHPS), administered to Medicare beneficiaries, has been fielded annually since 1997 [12] .
Study population
Cohort selection followed a similar procedure as that for recently published SEER-Medicare studies of CRC survivor surveillance after curative resection [13] [14] [15] [16] (Fig. 1) . We included those 65 years of age and older who (1) were diag- To maximize medical history information, individuals were included only if they were continuously enrolled in Medicare Parts A (in-patient) and B (out-patient), and a Fee-For-Service (FFS) plan for 48 months post-diagnosis. Medicare Advantage (HMO) plans are not required to submit claims to CMS as they are paid a flat-rate per beneficiary, and thus were not included in this sample. Survivors were excluded if they were diagnosed with carcinoma in situ, distant or unstaged cancer, or had multiple colon or rectal cancers. In addition, the SEER-CAHPS dataset doesn't include patients diagnosed with cancer on autopsy or death certificate.
Measures
Independent variables: patient experience survey items
The M-CAHPS survey asks Medicare beneficiaries to reflect on specific components of care received within the previous 6 months. We used three single-item (''global'') measures that assessed patients' experiences with their (1) overall care, (2) personal doctor (herein referred to as primary physician), and (3) specialist physician on a 0-10 scale, with 0 being the worst possible, and 10 the best possible rating.
Dependent variables: adherence to crc surveillance
We used the Current Procedural Terminology (CPT) and International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) procedure codes for identification of surgical resection, receipt of chemotherapy, and surveillance guidelines. Office visits were counted as surveillance only if there was a diagnosis code for CRC associated with the visit, and if the provider specialty code indicated primary care, oncology, or surgical specialty, as these are typical specialties involved in CRC surveillance.
While ASCO [17, 18] and NCCN guidelines [16] vary, the majority of SEER-Medicare studies have used a combination of both ASCO and NCCN guidelines to measure adherence [13] [14] [15] . We used a similar composite of ASCO and NCCN guidelines for CRC surveillance after resection (herein referred to as surveillance) (Online Resource 1). Survivors were considered adherent to guideline-recommended surveillance if they had completed the following procedures within the first three surveillance years: To avoid misclassifying diagnostic tests as surveillance, we considered eligibility for surveillance to begin 6 months after surgical resection [14] . Surveillance periods were defined as follows: period 1: postoperative months 7-18; period 2: postoperative months 19-30; period 3: postoperative months 31-42. Although regional rectal cancer surveillance guidelines include a proctoscopy every 6-12 months for certain patients, the guidelines included in the above adherence definition are applicable to both colon and rectal cancer [3, 19] . To account for any differences in adherence across cancer site, however, we performed a sensitivity analysis excluding individuals with rectal tumors.
It is important to note that not all guideline recommendations listed above apply to all patients included in this study. ASCO did not begin to include CT imaging in 1, 2? ). We utilized self-reported comorbidities rather than claims data to maximize sample size, after confirming similar distributions between the two measures.
Statistical analyses
We dichotomized CAHPS scores given the high frequency with which CAHPS respondents rate items as 9 or 10. Quality ratings were categorized into ratings of 9 or 10, versus ratings below 9 for analyses, similar to previous analyses of CAHPS surveys [20, 21] . We also performed a sensitivity analysis with different cutoffs including 10 versus 0-9, and 8-10 versus 0-7 [22] . We examined univariate and multivariable associations between each of the CAHPS items and each individual CRC surveillance guideline (office visits, CEA testing, colonoscopy, and CT testing). We then evaluated univariate and multivariable regression associations between each of the CAHPS items and an overall adherence summary variable. Variables in adjusted (multivariable) models included clinical characteristics age, gender, race/ethnicity, comorbidity count, education, marital status, SEER registry, cancer stage, and receipt of chemotherapy, similar to previous SEER-Medicare analyses [14, 16] . In addition, time from diagnosis to survey was included in the multivariable models because it was found to be associated with adherence to CRC surveillance during univariate analysis. Univariate and multivariable logistic regression analyses were performed using SAS 9.4 (SAS Institute, Cary NC), and statistical significance declared at p \ 0.05.
Results
Patient characteristics
A total of 314 CRC survivors met the eligibility criteria ( Table 1) . The majority of patients were over 75 years of age at diagnosis (62.7%), female (59.9%) and non-Hispanic white (73.6%). Most respondents (61.5%) completed the CAHPS survey within 0-24 months after diagnosis. In addition, the majority had localized disease at diagnosis (53.8%), reported no comorbidities (63.7%), and did not receive chemotherapy during the observation period (64.0%). Most respondents rated their overall care (55.4%) and personal doctor (58.6%) as 9 or 10, while only 47% rated their specialist as 9 or 10. Distributions of the CAHPS ratings can be found in Table 1 .
All frequencies of adherence to CRC surveillance guidelines are reported based on the relevant denominator for those whom the test was appropriate. Most survivors (76.1%) met the surveillance guidelines for office visits, with at least two visits per year for three years. Adherence to CEA testing (36.9%), Colonoscopy (48.1%), and CT Imaging (10.3%), however, were much lower among each subgroup. Figure 2 depicts adherence for the four subgroups by colectomy status and year of diagnosis. Adherence to CRC surveillance varied across the four subgroups. Overall, 37.9% of the sample was non-adherent to applicable guidelines (B1 guideline), versus 62.1% who were mostly adherent (2? guidelines).
In univariate analyses, significant findings were only observed between the CAHPS ratings and overall adherence. Higher overall care ratings (odds ratio (OR) 1.6 [95% confidence interval (CI) 1.03, 2.6]) and higher primary physician ratings (1.7 [1.1, 2.7]) were significantly associated with greater overall adherence (meeting C2 vs. B1 recommendations) ( Table 2) . After adjusting for covariates, only higher ratings of primary physician remained significantly associated with overall adherence (2.1 [1.2, 3.6]); the associations with higher overall care ratings and higher specialist ratings were borderline significant. Higher primary physician ratings (2.0 [1.1, 3.5]), and specialist physician ratings (2.7 [1.4, 4.9]) were significantly associated with greater adherence to office visits after adjusting for covariates. Additionally, although not significant, there were indications that all three CAHPS ratings, especially higher specialist rating, were associated with greater adherence to CEA testing. Figure 3 depicts ORs for the three CAHPS ratings and the individual various definitions of adherence. Inferences did not change with sensitivity analyses (e.g., when different CAHPS ratings categorizations were utilized and when rectal cancer cases were excluded). Ratings in each of the four areas were not significantly associated with adherence to CEA testing, colonoscopy, or CT imaging guidelines in either unadjusted or adjusted models.
Discussion
Despite advancements in diagnosis and treatment for CRC, up to a third of survivors will experience recurrence, making adherence to continued surveillance essential for early identification of malignancy [5] . The findings from this study demonstrate that many CRC survivors do not receive guideline-recommended surveillance, replicating previous studies [13, 14, 16] . Overall rates for adherence to each surveillance guideline were comparable to findings of previous studies [14, 16] . The small differences may be due in part to temporal trends and/or slight differences in definitions of adherence. For example, our definition of adherence to CEA testing (C2 CEA tests at least 3 months apart within first 2 years) was more inclusive than prior SEER-Medicare studies that defined adherence as C2 CEA tests per year [13, 14] .
While adherence to surveillance guidelines can be influenced by many factors, this study extends previous work on CRC post-treatment care by exploring whether patient-reported experiences are associated with guidelinebased adherence overall and for specific surveillance guidelines individually. Our data show that even after controlling for important demographic variation in adherence, patient-reported quality of their primary and specialist physicians was positively associated with adherence to CRC follow-up office visits. These findings underscore the importance of the relationship between doctor and patient. Doctors have both a responsibility and opportunity to coordinate care, as well as educate patients on the importance of reporting symptoms that could lead to earlier identification of recurrence. Previous research has documented the importance of specific components of care during survivorship, including provider communication, access to care, and care coordination [23] . A study of nonmetastatic CRC survivors showed that 31% of survivors did not believe they were at risk for recurrence or secondary cancers, which could suggest either lack of knowledge of risks, or optimism [23] . In addition, higher patient-physician engagement, as measured by the PatientClinician Information Engagement Scale (PCIE), was associated with self-reported CRC adherence in a longitudinal study [24] . Other previous studies also indicate that patient-centered communication with providers increases the quality of these relationships and adherence with regimens [25] . These studies point to the need for continued communication from healthcare providers to increase survivors' perceived need for surveillance. Models of care for cancer survivors differ as well, and there is great potential for interventional research aimed at incorporating other members of the healthcare team, including nurses and supportive care, to increase care coordination and engagement to enhance adherence. Access to care and care coordination are additional frequently cited issues in cancer care delivery [25] . The majority of studies that have assessed the impacts of access to cancer care focus at or around time of diagnosis, including timeliness to care after an abnormal diagnostic finding [26] . Relatively few studies on access, however, have been conducted during the post-treatment, surveillance phase for CRC survivors. A population-based study of leukemia, bladder, and CRC survivors did find significant patient concerns with respect to timeliness of care and waiting time to get needed care, with variations between racial/ethnic subgroups and type of out-patient clinic [27] . Survivors reported suboptimal quality in care coordination among members of the care team. In addition, perceived quality of information exchange between physicians and survivors had the strongest relationship with overall perceived quality of survivorship care, underscoring the need for attention to provider communication and patient experiences. Further research into these specific components of patient experiences and adherence to surveillance in population-based samples is warranted. These results also point to potential implications for system-level strategies. Patient experience surveys, including Hospital-CAHPS (HCAHPS) and CAHPS Clinician & Group Surveys, have been used for quality improvement by hospitals, providers, medical groups, or networks [28] . In addition, results of these surveys are important in informing consumer choice of providers, care settings, or medical practices [29] [30] [31] [32] [33] [34] [35] .
Our results point to several areas for further study. It is possible that survivors who rate their primary or specialist physician poorly aren't seeking follow-up care after resection. It could also be possible, however, the non-adherent patients in our study are avoiding their doctor or Fig. 2 Difference in the guideline relevance and adherence rates of subcohorts by date of diagnosis and colectomy status medical care for other reasons. Research on a nationally representative US sample of adults over age 50 found a significant interaction between cancer worry and perceived cancer risk in association with doctor avoidance, suggesting that worry may motivate people to avoid information when they perceive their risk to be higher [36] . It is possible that for CRC survivors specifically, a fear of recurrence could result in doctor avoidance [37] . Literature does indicate, however, strong recommendations from providers are associated with increased use of surveillance care [38] . Future research is needed to explore other reasons for avoidance, including mixed methods research aimed at unpacking both patient and provider barriers to receipt of surveillance. Conversely, another area for future research is examination of potential drivers of surveillance overutilization [39] , which was not explored in the current study.
The strengths of the SEER-CAHPS resource include detailed information on cancer diagnosis, medical care utilization, and patient-reported experiences of care. Certain limitations warrant discussion, however, including the relatively small sample size. While we attempted to maximize sample size by extending the time between diagnosis and survey, doing so limited our ability to make inferences about temporal precedence between care experiences and adherence to surveillance. Survey questions on patient experience are related to general medical care; thus, further exploration is needed on the aspects of care specific to oncology relevant to surveillance adherence in CRC survivors. In addition, although we defined adherence visits as those with providers typically involved in CRC survivorship care and associated with a CRC diagnosis code, visits and tests assessed as part of surveillance guidelines could have corresponded to diagnostic medical care (e.g., evaluation of new symptoms potentially associated with CRC recurrence) or reasons other than surveillance. It also is not possible to determine whether the ratings of personal doctor and specialist physician on the CAHPS survey are directly attributable to a patient's primary care physician or oncologist. There are caveats to generalizability that one must consider. Our analysis focused on seniors with Medicare FFS coverage, and thus our findings may not be generalizable to younger cancer patients or those enrolled in Medicare Advantage. In addition, literature demonstrates that Asians, African Americans, and Hispanics have lower response rates than non-Hispanic White beneficiaries. In addition, those who are male, and both younger and older adults (over age 85) are less likely to respond to patient experience surveys [40, 41] . Although we did not observe notable differences between the CRC cases included in the current study and the broader population of CRC survivors in the SEER database, it is possible that those in the current study may not be representative of all CRC patients with respect to likelihood to participate in Table 2 Unadjusted and adjusted* models of CAHPS ratings and adherence to surveillance guidelines research or adhere to recommended care. Included individuals also had to survive long enough to be able to complete a CAHPS survey; thus, individuals in poorer health and/or at higher risk for recurrence may have been under-represented. In summary, to our knowledge, this is the first known study looking at patient-reported experiences of care and adherence to surveillance in a population-based sample of CRC survivors. We found that ratings of primary and specialist physicians are significantly associated with adherence to office visits, highlighting the importance of the patientprovider relationship. Further research should investigate such associations in other cancers, particularly those with complex surveillance regimens. Finally, providers have an opportunity to utilize these potentially modifiable factors to influence patient experience and improve surveillance in order to ensure early identification of CRC recurrence.
